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$+8! $1! 7+%8'L%#! 9.18E#8'(! 2)8)9#89! #7L%$.'1&! 8E#! L)(T)&#9! 3G_6! ! :-)1! ?++,#1! )12! ",$$8E+'9H
>+29E$$,1! JIKK<! and “norm2” :*(E)/#,! JIJKb! 4)T)E)9E'! JIK]<! 8$! L#,/$,7! 2'//#,#18! '7L+8)8'$1!
,$+8'1#9S!4E'9!LE)9#!E#lps with algorithm’s selectio1!)12!#-)%+)8'$1S!4E#!9#($12!LE)9#!'198#)2!/$(+9#9!
$1! 8E#!($198,+(8'$1!$/!&,)2#!)12! 8$11)&#!(+,-#9!Q)9#2!$1! 8E#! '7L+8#2!2)8)!)12! 8E#',!($7L),'9$1!
)&)'198!8E#!($7L%#8#H()9#9!7$2#%!)12!8E#!%'98V'9#!2#%#8'$1!7$2#%S!G1!9#(8'$1!JSJC!V#!2'9(+99!9$7#!$/!
8E#!2'//#,#1(#9!)12!)LL%'()Q'%'8.S!0'1)%%.C!9'7+%)8'$19!$/!3G!'7L+8)8'$1!)%&$,'8E79!V#,#!($7L),#2!8$!
%'98V'9#!2#%#8'$1!:+9'1&!8E#!$7'8S1)!5HL)(T)&#!$/!0'&+,#!\!8$!,#7$-#!3G!,$V9<S!
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)*23.'$P5$=.-&-7'A$L-./B+-L$;A-&1'A$1-$8'.2'$*8&31;1*-($71;1*71*67$L*19$QR0GF$=9;7'7$4$1-$S$.'&.'7'(1$7*83+;1*-($71;2'7F$
).-8$ T$ 1-$ U$ 19'$ L-./B+-L$ 6-(7*A'.7$ 19'$ C;+*A;1*-($ -B$ 19'$ .'73+17$ ;2;*(71$ +*71L*7'$ A'+'1*-($ ;(A$ *(1'2.;1*-($ -B$ 7'+'61'A$
*8&31;1*-($.'73+17$L*19*($2.;A'$;(A$1-((;2'$'71*8;1*-($63.C'7F 
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)*23.'$O5$V69'8;1*6$-B$0$&;6/;2'7$*8&+'8'(1'A$*($19'$7*83+;1*-(7$L*19$7&'6*B*6$*8&31;1*-($8'19-A7$;(A$1-$A-638'(1$19'$
A*71.*I31*-(7$-B$8*77*(2$*(B-.8;1*-($;(A$.'+;1*C'$C;+3'$.'&+;6'8'(17$C*;$*8&31;1*-($-.$.-L$-8*77*-(7$L9'($6-(7*A'.*(2$19'$
+*71L*7'$A'+'1*-($;&&.-;69F 

AC@ &D<88=E=9<6=45(4E(;=88=5?(=5E4F;<6=45(

4E,##!2'98,'(8!7#(E)1'979!$/!3G! ),#! ($77$1%.! ,#($&1'c#2! :5+Q'1! KA]Bb! 612#,9! JIKI<S! G/! 8E#!3G! '9!
($7L%#8#%.! '12#L#12#18! :)! ,)12$7! 2'98,'Q+8'$1! $/! &)L9<! '8! '9! ($77$1%.! ($19'2#,#2! )! 7'99'1&!
($7L%#8#%.! )8! ,)12$7! :3_O5<! ()9#S! O! &#$%$&'()%! #@)7L%#! ($+%2! ($19'2#,! 9#-#,)%! &#$%$&'989! 8E)8!
V$,T#2!$1!)!2,'%%'1&!2)8)Q)9#!)12!2'2!1$8!($7L%#8#%.!,#($,2!8E#! %$&&'1&!2#8)'%9! :"##T'.)1)&#!#8!)%S!
JIJI<S!O1$8E#,!7$,#!98,+(8+,#2!2'98,'Q+8'$1! '9! 8E#!7'99'1&!)8! ,)12$7!:3O5<!()9#S!4E'9! '9!)!()9#!$/!
2#L#12#1(.!$/!3G! '1!)!-),')Q%#!$1!)!9'1&%#!$,!7+%8'L%#!#@8#,1)%C!7#)9+,#2!-),')Q%#9C!Q+8!1$8!$1!8E#!
-),')Q%#!'89#%/!:#S&SC!612#,9!JIKI<S!4E#!&#$%$&'989!7).!2#('2#!8$!9#12!8$!8E#!%)Q!/$,!(E#7'()%!)1)%.9'9!
9L#('/'(! '18#,-)%9! $/! ($,#C! )12! 8E'9!V'%%! Q#! ($77$1%.! 2#('2#2! +L$1! #@)7'1)8'$1! $/! 9L#('/'(! %$&&'1&!
'1/$,7)8'$1!:#S&SC!)-)'%)Q%#!,$(T!(%)99'/'()8'$19<S!0'1)%%.C!!7'99'1&!1$8!)8!,)12$7!:3MO5<!($19'2#,9!8E#!
()9#!$/!3G!$1! )! -),')Q%#! )9! 2#L#12#18!$1! 8E#! -),')Q%#! '89#%/! :#S&SC! 612#,9C! JIKI<S! ! ! 0$,! '198)1(#C! )!
&#$%$&'98!7).!2#('2#!8$!)99).!)1!'18#,-)%!$/!($,#!8E)8!'9!(%$9#!8$!#@'98'1&!7'1#,)%'c)8'$1S!5#($,2#2!$,#!
&,)2#9!),#!8E#1!'1/%+#1('1&!8E#!2'98,'Q+8'$1!$/!3G!)12!8E#!L%)11'1&!)12!2#9'&1!$/!&#$(E#7'()%!98+2'#9!
:2)!*'%-)!)12!_$98)!JIKA<S!!

3O5C!3_O5!)12!3MO5!2'98,'Q+8'$19!V#,#!,#($198,+(8#2!+9'1&!8E#!&.-A36'WXG!5!L)(T)&#C!9##!0'&+,#!
F!/$,!)1!#@L%)1)8'$1!$/!8E#!2'//#,#18!8.L#9!$/!3GS!O!8$8)%!$/!J!(.(%#9!V'8E!KII!)12!KIII!9'7+%)8'$19!/$,!
#)(E!L),)7#8,'c)8'$1!V#,#!&#1#,)8#2!,#L#)8#2%.!$-#,!9.18E#8'(!3G!2)8)!8$!#-)%+)8#!8E#!'7L,$-#7#18!
$/!)%&$,'8E7!($1-#,&#1(#!)12!,#%)8'-#!Q')9!7'1'7'c)8'$1!:8E'9!,#L$,8!2'9(+99#9!$1%.!8E#!/',98!(.(%#!$/!
)1)%.9#9!V'8E!KII!9'7+%)8'$1!,$+129<S!*'7+%)8'$1!,$+129!($19'2#,#2!8E#!#//#(8!$/!3G!)9!V#%%!)9!2'//#,#18!
9)7L%'1&! ,)8#9! :*'7S! M! g! JFC! FIC! KII<! $/! 8E#! L$98#,'$,! 2'98,'Q+8'$1! :-)1! ?++,#1! )12! ",$$8E+'9H
>+29E$$,1!JIKK<S!5#9+%89!$/!8E#!/',98!Q)8(E!$/!KII!(.(%#9!'9!,#L$,8#2!'1!4)Q%#!KS!?#/$,#!2'9(+99'1&!8E#!
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,#9+%89C!V#!'18,$2+(#!8E#!X!)%&$,'8E79!($19'2#,#2!'1!8E#!,#L$,8#2!#@L#,'7#189!)12!2'9(+99!)!9#,'#9!$/!
-)%'2)8'$1!7#)9+,#9S!

!

)*23.'$S5$"L-$C;.*;I+'$>C4@$CJ?$'Y;8&+'7$-B$&-77*I+'$.'+;1*-(79*&7$-B$RZ$*($ C;.*;I+'$C4$L*19$;$7'6-(A$C;.*;I+'$>CJ?5$R:G0$
6;7'$79-L7$RZ$3(.'+;1'A$1-$CJ$8;2(*13A'$>9*29<+-L?[$RG0$6;7'$79-L7$C4$6-(A*1*-('A$IE$CJ$;(A$6-(71.;*('A$1-$9*29$C;+3'7$
-B$CJ[$RXG0$6;7'$*++371.;1'7$9-L$RZ$*($C4$*7$6-(A*1*-('A$IE$19'$C;+3'7$-B$C4F 

ACA %;>:6<6=45(<D?4F=6G;8(<5H(I<D=H<6=45(

4E#! 3G_6! L)(T)&#! :-)1! ?++,#1! )12! ",$$8E+'9H>+29E$$,1! JIKK<! $//#,9! )! -),'#8.! $/! '7L+8)8'$1!
)%&$,'8E79!)12!)!9#8!$/!98)8'98'()%!7#)9+,#9!$/!8E#!`+)%'8.!$/!'7L+8)8'$1!L#,/$,7#2!+9'1&!Q')9#9S!4V$!
+1'-),')8#C!%'1#),!,#&,#99'$1!)%&$,'8E79!V#,#!+9#2!'1!8E#9#!9'7+%)8'$19!:1$,7SL,#2'(8!)12!1$,7S1$Q<S!
4E#.!V#,#!($7L),#2!V'8E!)1$8E#,!7#8E$2C!L,#2'(8'-#!7#)1!7)8(E'1&!:L77<C!8E)8!L#,/$,79!Q#88#,!
VE#1! 8E#! ($,,#%)8'$1! )7$1&! -),')Q%#9! '9!V#)T! $,! 1$1H9'&1'/'()18! :3$,,'9! #8! )%S! JIK\<C!VE'(E! $/8#1!
$((+,9! VE#1! V#! E)-#! E'&E#,! /,#`+#1('#9! $/! 3G! &)L9! $,! '/! 8E#! 3G! 2'98,'Q+8'$19! ),#! (,$99H-),')Q%#!
'12#L#12#18S! 4E#!L77!)%&$,'8E7! #7L%$.9!7+%8'L%#! '7L+8)8'$1!V'8E! (E)'1#2!#`+)8'$19! )12! '9! %#99!
2#L#12#18! $1! 8E#! 1$,7)%'8.! )99+7L8'$1C! )! ($12'8'$1! 8.L'()%! $/! %'1#),! ,#&,#99'$1!7$2#%9S! 3+%8'L%#!
'7L+8)8'$1! :L77<! '9! #@L#(8#2! 8$! L#,/$,7! Q#88#,! 8E)1! 9'1&%#! L)99! '7L+8)8'$1! 7#8E$29! VE#1! 8E#!
2'98,'Q+8'$1!$/!3G!'9!$/!3O5!$,!3MO5!8.L#!:612#,9!JIKI<S!4E#9#!7#8E$2$%$&'#9!V#,#!)%9$!($7L),#2!
V'8E! L),)7#8,'(! #98'7)8'$1! 7$2#%9! Q)9#2! $1! 1$,7J! 5! L)(T)&#C! VE'(E! ,#L,#9#189! )1! #@)7L%#! $/!
7)@'7+7!%'T#%'E$$2!:7%<!'7L+8)8'$1!:*(E)/#,!KAAAC!JIJK<S!

!

P'//#,#18!98)8'98'()%!7#)9+,#9!$/!Q')9!)12!,#9'2+)%!-),')1(#!V#,#!+9#2!8$!)%%$V!models’!($7L),'9$1S!
3#)9+,#9! '1(%+2#! .;L$ I*;7$ >0N?@$ &'.6'(1$ I*;7$ >=N?@$ 6-C'.;2'$ .;1'$ $/! 8E#! ($1/'2#1(#! '18#,-)%$ >:0?@$
;C'.;2'$L*A19$>G,?$;(A$.--1$8';($7M3;.'A$'..-.$>0RV\?S!4E#!/',98!8V$!7#8,'(9!!#@L,#99!8E#!2'//#,#1(#!
:Q')9<!Q#8V##1!8E#!#@L#(8#2!-)%+#9!$/!8E#!,#&,#99'$1!($#//'('#189!#98'7)8#9C!)12!VE)8!'9!($19'2#,#2!
8E#!8,+#!-)%+#S!=N!,#9()%#9!8E#!,#9+%8!)9!)!1$,7)%'c#2!L#,(#18)&#!2'//#,#1(#!:9##!4)Q%#!K<!V'8E!)1!+LL#,!
%'7'8!$/!Fe!:IHFe!,)1&#!,#9+%89!),#!($19'2#,#2!)((#L8)Q%#<S!_5!,#L,#9#189!8E#!L,$L$,8'$1!$/!($1/'2#1(#!
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'18#,-)%9!8E)8!($18)'1!8E#!8,+#!-)%+#S!G8!9E$+%2!Q#!#`+)%!$,!E'&E#,!8E)1!8E#!1$7'1)%!-)%+#!:AFe!'1!4)Q%#!
K! $,! ISAF<S! O^! '12'()8#9! 8E#! 98)8'98'()%! #//'('#1(.S! G8! 9E$+%2! Q#! )9! 1),,$V! )9! L$99'Q%#! E$V#-#,!
7)'18)'1'1&!:0!$-#,!8E#!1$7'1)%!-)%+#S!0RV\$,#L,#9#189!)!($7L,$7'9#!Q#8V##1!Q')9!)12!-),')1(#b!
)%8E$+&E!V'2#%.!'1!+9#C!'8!V)9!1$8!+9#2!8$!($7L),#!8E#!)%&$,'8E79!:,#/#,!8$!-)1!?++,#1!JIKY!/$,!/+,8E#,!
2#8)'%9!$1!53*6!%'7'8)8'$19!'1!'7L+8)8'$1!98+2'#9<S!

O1!)22'8'$1)%!8#98!V)9!(),,'#2!$+8!8$!#-)%+)8#!)!3MO5!9L#('/'(!,#&,#99'$1!7#8E$2$%$&.C!)(($+18'1&!/$,!
8E#!($77$1!L,$Q%#7!$/!+12#,!9)7L%'1&!)12!+12#,!,#L,#9#18)8'$1!$/!Q),,#1!2$7)'19!$,! %$VH&,)2#!
L$$,%.! #12$V#2! ),#)9! :9##! 0'&+,#! B! /$,! 9$7#! #@)7L%#9! $/! 9)7L%'1&! Q')9! $((+,,'1&! '1! 7'1'1&! )12!
7'1#,)%! #@L%$,)8'$1! #1-',$17#189<S! 4E#9#! #@)7L%#9! 9E$V! 8E)8! '1! 7$98! ()9#9! '1L+8! 2)8)! V'%%! Q#!
$-#,#98'7)8'$19!$/!8E#!,#)%!(,+98)%!#12$V7#189!$/!)!($77$2'8.S!G8!'9!(+98$7),.!8$!)LL%.!)!($,,#(8'$1!
8$!8E'9!2#/'('#1(.!Q.!#'8E#,!#7L','()%!/'@#2!,#9()%'1&!$/!8E#!2)8)!$,!)%8#,1)8'-#%.!)9!'7L%#7#18#2!'1!8E'9!
)1)%.9'9!Q.!)LL%.'1&!)!($,,#(8'$1!8E)8!,#%'#9!$1!)!%'1#),!/'8!:71),S1$,7!5!L)(T)&#<S!

!

)*23.'$ TF$ Z($ 8;(E$ '6-(-8*6$ 2'-+-2E$ 'Y&+-.;1*-($ ;(A$ 8*(*(2$ 6;7'7$ 19'$ A*71.*I31*-($ -B$ 8*77*(2$ A;1;$ *7$ 6-(A*1*-('A$ IE$
/(-L+'A2'$ ;6M3*.'A$ A3.*(2$ &;71$ 'Y&+-.;1*-($ &.-2.;87$ ;(A$ 8*(*(2$ ;61*C*1*'7F$ :-(6'&13;++E$ L9'($ 6-(A361*(2$ .'7-3.6'$
A'B*(*1*-($ 713A*'7$ >G?$ 19'.'$ *7$ ;$ 1'(A'(6E$ 1-$ -C'.7;8&+'$ A-8;*(7$ L*19$ &.-C'($ .'7-3.6'7F$ ZB$ L'$ 6-(7*A'.$ ;($ 'Y&+-.;1*-($
&.-2.;8$>N?$373;++E$8;(E$73.C'E7$;.'$6;..*'A$-31$*($;.';7$19;1$9;C'$79-L($&-1'(1*;+$.'&.'7'(1*(2$;$B-.8$-B$+-6;+*H;1*-($-B$
'Y&+-.;1*-($/(-L+'A2'$19;1$I*;7'7$8*77*(2('77F$"9'$+;71$'Y;8&+'$*7$;($QR0G$713AE$>:?@$*($8-71$6;7'7$19'7'$;77'778'(17$
L*++$.'&-.1$*(B-.8;1*-($-($9*29+E$'(A-L'A$1'..;('7$A*76-3(1*(2$;.';7$19;1$;.'$;7738'A$1-$I'$&--.+E$'(A-L'AF$

$
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J )%1*$'2%#/)(

4E#!9'7+%)8'$1!L#,/$,7#2!($19'2#,#2!)!($7L%#@!9#8!$/!L),)7#8#,9!L,#9#18#2!'1!4)Q%#!KS!^#!Q,'#/%.!
$+8%'1#!8E#!7)'1!/'12'1&9!Q)9#2!$1!8E#!Q')9!)12!-),')1(#!7#)9+,#9!2'9(+99#2!'1!JSJ!)12!$Q9#,-#2!'1!)!
-),'#8.!$/!#@L#,'7#189S!

JC@ "K>7F=;756<D(876:>(

4E#!98)8'98'()%!V$,T/%$V! '1(%+2#2!)!9#,'#9!$/!L,#HL,$(#99'1&!98#L9!Q#/$,#!9'7+%)8'$1! :0'&+,#!X<S! !4E#!
2)8)! V#,#! 1$,7)%'c#2! +9'1&! )! %$&H8,)19/$,7)8'$1! 8$! )LL,$@'7)8#! 1$,7)%'8.! :)! ,#`+',#7#18! )12!
%'7'8)8'$1! $/! 9$7#! $/! 8E#! '7L+8)8'$1! )%&$,'8E79! '7L%#7#18'1&! %'1#),! ,#&,#99'$1! $,! L),)7#8,'(!
7$2#%%'1&<S!!

_$7L%#8#H()9#! 2)8)! V#,#! +9#2! 8$! 2#-#%$L! )! 7+%8'L%#H,#&,#99'$1!7$2#%! 8E)8! ,#L,#9#18#2! 8E#! 8,+#!
Q#1(E7),T! /$,! 8E#! 9'7+%)8'$19S! ?')9#9! )12! -),')1(#9! V#,#! 8E#1! ()%(+%)8#2! Q.! ($7L),'1&! 8E#!
,#&,#99'$1’s fits do1#!$1!7+%8'L%#!'7L+8)8'$19!$+8L+89!)/8#,!)7L+8)8'$1!$/!8E#!($7L%#8#!2)8)9#8!:-)1!
?++,#1! JIKY<S! O! 8$8)%! $/! dKKYCYII! 9'7+%)8'$19C! $Q8)'1#2! /,$7! JKB! L),)7#8,'c)8'$19! V#,#! ,+1! 8$!
#-)%+)8#!9)7L%'1&!+1(#,8)'18.!$/!8E#!L$98#,'$,!2'98,'Q+8'$1!)12!8E#!-),')Q%#!2'98,'Q+8'$1!$/!3G!'1!8E#!
9.18E#8'(! 2)8)! :4)Q%#! K! L,#9#189! )! L,#%'7'1),.! 9+77),.! $/! 8$L! ,#9+%89! Q)9#2! $1! KII! 9'7+%)8'$19!
,$+129<S!

JCA )=;:D<6=45(F78:D68(

4E#!,#9+%89!$Q8)'1#2!9E$V!)!Q,$)2!-),')Q'%'8.!$/!Q')9#9!)12!-),')1(#9S!4E#9#!2'//#,#1(#9!)%%$V#2!8E#!
classification of cases that were likely representative of “good” imputations. If we restrict the analysis 
$/!8E#!,#9+%89!8$!8E#!9+77),.!'1!4)Q%#!KC!V#!$Q9#,-#!)!,)1&#!'1!5?9!$/!$1#!8$!8V$!$,2#,9!$/!7)&1'8+2#!
),$+12!8E#!c#,$H8E,#9E$%2!-)%+#C!'12'()8'1&!7'1'7)%!Q')9!)12!)1!'1-#,9#!,#%)8'$19E'L!V'8E!8E#!9)7L%'1&!
1+7Q#,!(!:%),&#,!9+QH9)7L%#9!$//#,!)!Q#88#,!,#L,#9#18)8'$1!$/!8E#!L$98#,'$,!2'98,'Q+8'$1!,#2+('1&!Q')9!
$/!)LL,$@'7)8#%.!$1#!$,2#,!$/!7)&1'8+2#!(/,S!5$V9!K!)12!J!$/!4)Q%#!K!'1!8E#!5?!/'#%2!$,!dKIe!$/!8E#!
=?9<S!_$-#,)&#!,)8#9!$9('%%)8#!Q#8V##1!)!7'1'7+7!$/!ISJB!)12!ISA]!V'8E!)!8$8)%!$/!A!()9#9!V'8E!#'8E#,!
#`+)%!$,!E'&E#,!_59!8E)1!8E#!1$7'1)%!-)%+#S!O%%!8E#9#!,#9+%89!),#!#'8E#,!$Q8)'1#2!V'8E!L77!$,!1$,7S1$Q!
'7L+8)8'$19S!!

4E#!%),&#98!O^!Q$+129!),#!/$+12!'1!8E#!98)12),2!,#&,#99'$1!'7L+8)8'$19!:%)98!8E,##!,$V9!$/!4)Q%#!K<!
'12'()8'1&! ($7L%#8#! /)'%+,#! $/! 8E#9#! 9$%+8'$19! :(%$9#! 8$! '1/'1'8#! $,! +1,#)%'98'()%%.! %),&#!Q$+129<S! 4E#!
1),,$V#,!O^!),#!'198#)2!),$+12!KS]F!2$V1!8$!)!7'1'7+7!$/!IS]A!)7$1&!8E#!8$L!A!()9#9C!V'8E!$L8'7)%!
=?9!dFe!$,!97)%%#,S!O^!V#,#!+9#/+%!8$!)99#99!8E#!98)8'98'()%!#//'('#1('#9!)12!9E$V#2!8E)8!L77!'9!8E#!
7$98!)LL,$L,')8#!VE#1!7'99'1&!'1/$,7)8'$1!'9!2'98,'Q+8#2!)(,$99!)%%!-),')Q%#9!:9##!0'&+,#!]!'%%+98,)8'1&!
-),'$+9! #@)7L%#9! $/! 9.18E#8'(!3G! 2'98,'Q+8'$19! )(,$99! 8E#! ($19'2#,#2! -),')Q%#9! -KH-X! ,#L,#9#18'1&!
'1($7L%#8#! &,)2#! )12! 8$11)&#! 2)8)<S! *8$(E)98'(! ,#&,#99'$1! '7L+8)8'$1! '9! E$V#-#,! 8E#! Q#98!
7#8E$2$%$&.!/$,!()9#9!V'8E!)!9'1&%#!-),')Q%#!)//#(8#2!Q.!7'99'1&1#99S!G/!V#!($19'2#,!8E#!8.L#!$/!3G!:)9!
#@L#(8#2<! %$V#,! Q')9#9! V'%%! $((+,! '1! 8E#! 7$98! ($7L%#8#! 2)8)! V'8E! #'8E#,! 3O5! $,! 3_O5! 8.L#!
7'99'1&1#99S!!
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O1$8E#,! 9#8!$/! 9'7+%)8'$19!($19'2#,#2! 8E#! '7L,$-#7#18!$/!7$2#%%'1&! ,#9+%89! '1!()9#!$/!3MO5!8.L#!
2)8)S! 5#(#18! ,#9#),(E! '12'()8#2! 8E)8! '/! )LL,$L,')8#! ($,,#(8'$19! ),#! )LL%'#2! '1! 8E#! /'1)%! L),8! $/! 8E#!
V$,T/%$V!8E'9!($+%2!L,$-'2#!)!(%$9#,!/'8!8$!8E#!$,'&'1)%!($7L%#8#!()9#!2)8)!:#S&SC!2)!*'%-)!)12!_$98)C!
JIKA<S!4E#9#!9'7+%)8'$19!'1(%+2#2!)1!)99#997#18!$/!Q')9!:0'&+,#9!Y!)12!A<!8$!#-)%+)8#!8E#!-),')8'$1!'1!
7$2#%!/'8C!2#L#12'1&!$1!8E#!)%&$,'8E7!$/!(E$'(#S!0'-#!2'98'1(8!7#8E$2$%$&'#9!V#,#!+9#2!V'8E!3MO5!
8.L#!9'7+%)8'$19S!!

!

)*23.'$]F$R:G0<RG0<RXG0$7*83+;1*-(7$-B$7E(19'1*6$RZ$A*71.*I31*-(7F$0'A$&*Y'+7$*(A*6;1'$7E(19'1*6$RZ$A*71.*I31*-(7$*($19'$
G3$A;1;$B.-8$N+*77$>JKKO?$L*19$A;./'.$2.'E7$*(A*6;1*(2$19'$9*29'71$C;+3'7$-B$1-((;2'$>C4?@$G3$2.;A'$>CJ?$;(A$G2$2.;A'$>CP?F$
^;1;$8;1.*6'7$.'&.'7'(1$;$P$C;.*;I+'7$8-A'+$L*19$JP$7;8&+'7$6-..'7&-(A*(2$1-$19'$(38I'.$-B$A'&-7*17$>';69$&*Y'+$.'&.'7'(17$
;$7;8&+'[$19'$A;1;$;.'$7-.1'A$IE$1-((;2'?F$V*Y$7*83+;1*-(7$>*($';69$RZ@$R:G0@$RG0$;(A$RXG0?$L'.'$2'('.;1'A$1-$;66-3(1$
B-.$19'$C;.*;I+'$&.-&-.1*-($-B$RZ$>G@$N5$4K<4S_@$:@$^5$PS_@$\@$)5$SS<TK_$-B$RZ?$;(A$6-(7*A'.$7*(2+'$>1;.2'1?$C;.*;I+'$>G<:<\?$
;(A$6.-77<C;.*;I+'$6;7'7$>N@$^@$)?$L*19$RZ$A*71.*I31'A$*($;++$C;.*;I+'7F$
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!
!

A final step of experimentation considered a comparison of imputation methods against listwise deletion 
to evaluate the difference in Ag grade estimates (see Figures 10, 11 for further details on the results). $

";I+'$4F$V388;.E$-B$7*83+;1*-($.'73+17@$1-&$.-L7$>(.-L$`$PK?$L*19$+'77$19;($4K_$I*;7$*(6+3A'A$>A;1;$7-.1'A$IE$:0$`$6-C'.;2'$
.;1'?F$"-1;+ (38I'.$-B$'Y&'.*8'(17$('$`$4KU$L*19$V*8$X$`$4KK@$6-..'7&-(A*(2$1-$;$1-1;+$-B$4K@UKK$7*83+;1*-(7$>('aV*8$X?F$
V*83+;1*-(7$*(C-+C'A$RZ$-C'.$;$7*(2+'$>1;.2'1?$C;.*;I+'$bKK4c$-.$'M3;++E$A*71.*I31'A$-($19.''$C;.*;I+'7$b444cF$V;8&+*(2$.;1'$
6-(7*A'.'A$ .'7;8&+*(2$ L*19$ 73I&-&3+;1*-(7$ L*19$ ($ `$ SK@$ 4KK$ 7;8&+'7$ &'.$ 7*83+;1*-(F$ \;69$ 'Y&'.*8'(1$ 6-(7*A'.'A$ ;+7-$
C;.*;I+'$&'.6'(1;2'7$>&?$-B$RZ$b4S@$PS@$SS$_c$>0N$`$.;L$I*;7@$=N$`$&'.6'(1$I*;7@$:0$`$6-C'.;2'?F$
!

!

!

!
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!
)*23.'$UF$0'7*A3;+7$&+-17$-B$SKK$7*83+;1*-(7$37*(2$RXG0$7E(19'1*6$A;1;$>+-L$C;.*;I+'$C;+3'7$.'&+;6'A$L*19$RZ$;1$
C;.*;I+'$&'.6'(1;2'$>;?$RZ$`$4S_@$>I?$RZ$`$PS_$;(A$>6?$RZ$`$SS_$.'7&'61*C'+EF$N-Y&+-17$-B$8-A'+$&'.B-.8;(6'$
based on the β regression coefficient estimate$A'.*C'A$B.-8$7E(19'1*6$RXG0$A*71.*I31*-(7$>4KK$7*83+;1*-(7$-B$RZ$
A.;L7$;1$C;.*;I+'$RZ$&'.6'(1;2'$;(A$L*19$;$7;8&+*(2$.;1'$($`$JS?F$G$7*(2+'$C;.*;I+'$CP$>G2&61?$L;7$;8&31'A$1-$
&.-A36'$ RZ<RXG0$ A*71.*I31*-(7$ ;(A$ 73I7'M3'(1+E$ .'&+;6'A$ L*19$ C;+3'7$ -I1;*('A$ B.-8$ S$ A*71*(61$ *8&31;1*-($
8'19-A-+-2*'7$>4<S?$.'7&'61*C'+E$.'&.'7'(1*(2$4$`$(-.8F(-I@$J$`$(-.8F&.'A*61@$P$`$&88@$O$`$8+@$S$`$(-.8F8(;.F!

$
)*23.'$dF$0'7*A3;+7$&+-17$-B$SKK$7*83+;1*-(7$37*(2$RXG0$7E(19'1*6$A;1;$>+-L$C;.*;I+'$C;+3'7$.'&+;6'A$L*19$RZ$;1$
C;.*;I+'$&'.6'(1;2'$>;?$RZ$`$4S_@$>I?$RZ$`$PS_$;(A$>6?$RZ$`$SS_$.'7&'61*C'+EF$N-Y&+-17$-B$8-A'+$&'.B-.8;(6'$
based on the β regression coefficient estimate derived from synthetic MNAR distributions (100 simulations -B$RZ$
A.;L7$;1$C;.*;I+'$RZ$&'.6'(1;2'$;(A$L*19$;$7;8&+*(2$.;1'$($`$4KK?F$G$7*(2+'$C;.*;I+'$CP$>G2&61?$L;7$;8&31'A$1-$
&.-A36'$ RZ<RXG0$ A*71.*I31*-(7$ ;(A$ 73I7'M3'(1+E$ .'&+;6'A$ L*19$ C;+3'7$ -I1;*('A$ B.-8$ S$ A*71*(61$ *8&31;1*-($
8'19-A-+-2*'7$>4<S?$.'7&'61*C'+E$.'&.'7'(1*(2$4$`$(-.8F(-I@$J$`$(-.8F&.'A*61@$P$`$&88@$O$`$8+@$S$`$(-.8F8(;.F!
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$
)*23.'$4KF$:-8&;.;1*C'$+-2*71*6@$6383+;1*C'$A*71.*I31*-($B3(61*-(7$B-.$A*BB'.'(1$&'.6'(1;2'7$-B$RZ$b>;?$4S_@$>I?$
PS_$;(A$ >6?$SS_$ .'7&'61*C'+EcF$ V*Y$ 6383+;1*C'$A*71.*I31*-($ 63.C'7$;.'$&+-11'A$ *($ +-2;.*198$76;+'$ 1-$;++-L$ 19'$
6-8&;.*7-($-B$2.;A'$&.'A*61*-($8-A'+7$.'73+1*(2$B.-8$A*BB'.'(1$*8&31;1*-($71.;1'2*'7$>4$1-$S?$;(A$6-8&;.'A$1-$
19'$6-8&+'1'$ 6;7'7$ B*1$ >-.*2*(;+$ 6-8&+'1'$A;1;@$ .'2.'77*-($8-A'+$T?@$ 19'$'8&*.*6;+$ 6383+;1*C'$A*71.*I31*-($-B$
6-8&+'1'$6;7'7$>\:^)?$*7$;+7-$.'&-.1'A$>.'A$A-17?F$V'+'61'A$“b'71”$8-A'+7$XG0):V$>(-1$;1$.;(A-8$B3++E$6-(A*1*-(;+$
7&'6*B*6;1*-(@$RXG0?$;(A$B-.$19'$+;11'.$;1$SS_$RZ$(-.8F&.'A*61$>71;(A;.A$+*(';.$.'2.'77*-(@$=0\^Z:"$e0?F$

$

$
$

)*23.'$44F$:-8&;.;1*C'$+-2*71*6@$6383+;1*C'$A*71.*I31*-($B3(61*-(7$B-.$A*BB'.'(1$&'.6'(1;2'7$-B$RZ$ b>;?$4S_@$>I?$
PS_@$;(A$>6?$SS_$.'7&'61*C'+EcF$"9.''$63.C'7$;.'$&+-11'A$ *($ +-2;.*198$76;+'$1-$;++-L$19'$6-8&;.*7-($-B$2.;A'$
&.'A*61*-($ 8-A'+7$ .'73+1*(2$ B.-85$ >4?$ +*71L*7'$ A'+'1*-($ -B$ .-L7$ 6-(1;*(*(2$ 8*77*(2$ G2$ A;1;@$ >J?$ 19'$ -&1*8;+$
*8&31;1*-($-I1;*('A$B.-8$';.+*'.$6-8&;.*7-(7@$;(A$>P?$19'$6-8&+'1'$6;7'7$B*1$>-.*2*(;+$6-8&+'1'$A;1;?F$0'+;1*C'$
'8&*.*6;+$A*71.*I31*-(7$>\:^)?$;.'$;+7-$&.'7'(1'A$B-.$6-8&;.*7-(F$$

$

$

!

!
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LC@ .<964F8(6G<6(8G4:DH(M7(9458=H7F7H(E4F(;4H7D(87D796=45(<5H(6G7=F(=;>D=9<6=458(

4E#!/',98!)9L#(8!8E)8!#7#,&#9!/,$7!)!(%$9#,!#@)7'1)8'$1!$/!8E#!,#9+%89!$/!3G!)12!'7L+8)8'$1!9'7+%)8'$19!
'9!8E)8!9#19'8'-'8.!)1)%.9'9!'9!)!1#(#99),.!98#L!VE#1!'7L%#7#18'1&!'7L+8)8'$1!/$,!2)8)!)+&7#18)8'$1!
L+,L$9#!)12!'/!9$%+8'$1!$L8'7'c)8'$1!'9!)!1##2!/$,!8E#!)1)%.9'9!'1!`+#98'$1S!G1!7$98!()9#9C!9#19'8'-'8.!
8#989!V'%%!Q#!L),8!$/!8E#!'7L+8)8'$1!)LL,$)(E!)9!8E#!,#9+%89!),#!E#)-'%.!2#L#12#18!$1!8E#!'1L+8!2)8)!
($19'2#,#2C! 8E+9! 8E#.!7).!V#%%! (E)1&#! '/!V#!($19'2#,! /$,! '198)1(#!2'//#,#18!$,#!2#L$9'8! 98.%#9! 8E)8!
'1E#,#18%.!E)-#!+1'`+#!98)8'98'()%!'18#,($,,#%)8'$19!)12!3G!2'98,'Q+8'$19S!!

G1!L),8'(+%),C!the assessment of the “best” algorithms for imputing grade and tonnage data in UMRA!
V$+%2!Q#!Q#98!8,#)8#2!Q.!($19'2#,'1&!8E#!1+7Q#,!$/!2#L$9'89!:#`+)8'1&!8$!8E#!9)7L%'1&!,)8#! '1!8E#!
9'7+%)8'$19!)12!9E$V'1&!Q,$)2%.!'89!'7L)(8!$1!'7L+8)8'$1!7$2#%!L#,/$,7)1(#<S!0$,!'198)1(#C!'/!0'&+,#9!
Y!)12!A!:V'8E!,#9L#(8'-#%.!Q')9#9!/$,!9)7L%'1&!,)8#9!$/!JF!)12!KII!9.18E#8'(!2#L$9'89<!),#!($7L),#2!'8!
)LL#),9!(%#),!E$V!)!%),&#,!9'7+%)8#2C!9)7L%'1&!L$L+%)8'$1!,#2+(#9!8E#!L#,/$,7)1(#!2'//#,#1(#9!)(,$99!
2'//#,#18!'7L+8)8'$1!)%&$,'8E79S!4E'9!,#9+%8!9+&&#989!8E)8!8E#!(E$'(#!$/!8E#!7#8E$2$%$&.!V'%%!Q#!7$98!
,#%#-)18!VE#1!97)%%!2)8)9#89!:97)%%!1+7Q#,!$/!2#L$9'89<!),#!($19'2#,#2S!!

G1!)22'8'$1C!7$2#%!9#%#(8'$1!)LL#),9!8$!Q#!2#L#12#18!)12!,#`+',#9!)!(%$9#!#-)%+)8'$1!$/!8E#!L,$L$,8'$1!
$/! 3G! L,#9#18! '1! 8E#! 2)8)S! 4E'9! '9! #@#7L%'/'#2! Q.! )! -),')8'$1! '1! 7$2#%! L#,/$,7)1(#9! $Q9#,-#2! '/!
($7L),'1&!'1!Q$8E!0'&+,#9!YC!A!8E#!2'98)1(#9!$/!Q$@!L%$8!7#2')19!/,$7!8E#!($7L%#8#!()9#!/'8!7#2')1!
-)%+#C!VE'(E!V'%%!-),.!2,)7)8'()%%.!V'8E!'1(,#)9'1&!L,$L$,8'$19!$/!3G!:(/S!()9#9!)C!QC!(<S!G1!8E'9!($18#@8C!
'8!'9!)99+7#2!8E)8!%$V#,!3G!L#,(#18)&#9!V$+%2!,#/%#(8!7$,#!,#)9$1)Q%#!7$2#%!L#,/$,7)1(#9C!9'1(#!8E#!
)%&$,'8E79!V$,T!Q#98!'1!8E#9#!9(#1),'$9!VE#,#!8E#!98)8'98'()%!($,,#%)8'$19!),#!L),8%.!L,#9#,-#2!'1!8E#!
2)8)S!!

O1$8E#,! '7L$,8)18! )9L#(8! '9! 8$! &)'1! )1! +12#,98)12'1&! $/!3G! 2'98,'Q+8'$19!V'8E! ,#9L#(8! 8$! '18#,1)%!
:3MO5<!)12!#@8#,1)%!-),')Q%#!2#L#12#1(.!:3O5<S!4E#!'2#)%!V$,T/%$V!V'%%!8E#1!#@)7'1#!8E#!#@'98'1&!
2)8)! ($,,#%)8'$19C! )12! 8E#! )Q+12)1(#! )12! (,$99H-),')Q%#! 2'98,'Q+8'$1! $/! 7'99'1&! '1/$,7)8'$1! V'8E!
,#9L#(8! 8$! '18#,1)%! )12! #@8#,1)%! )99$(')8'$19S! G1! 8E#! _E+&)(E! 2#L$9'8! 2)8)C! V#! $Q9#,-#2! V#)T!
($,,#%)8'$19! Q#8V##1! O&! )12! O+! 2)8)! :=#),9$1! ($,,#%)8'$1! g! IS\]<!V'8E!7'99'1&! '1/$,7)8'$1! Q#'1&!
%'7'8#2!8$!8E#!O&!-),')Q%#!)12!E)-'1&!3G!'1!7$98!()9#9!$((+,,'1&!'1!%$V#,!8$11)&#9C!'12'()8'1&!)!L$99'Q%#!
%'1T!$/!3G!8$!L,$f#(8!7)8+,'8.!$,!2#L$9'8!9'c#C!9+&&#98'1&!)8!)!7'1'7+7!)!3O5!8.L#!3G!2'98,'Q+8'$1S!
0+,8E#,!8$!8E'9C!)99+7L8'$19!2'9(+99#2!'1!0'&+,#!B!VE'(E!V$+%2!'12'()8#!+12#,#98'7)8'$1!Q')9!2+#!8$!
9)7L%'1&! ($1(#18,)8'$1! '1! 2$7)'19! 8E)8! ),#! /)-$,)Q%#! 8$! O+! #12$V7#18! %#2! 8$! ($19'2#,! 8E#!
2'98,'Q+8'$1!$/!3G! '1!O&!&,)2#!2)8)!%'T#%.!8$!Q#!Q#98!,#L,#9#18#2!'1!8E#!3MO5!8.L#! '1($7L%#8#1#99S!
4E#9#!($19'2#,)8'$19!),#!-)%+)Q%#! '1!8E#!9#%#(8'$1!$/! '7L+8)8'$1!7$2#%9!)(($+18'1&!/$,!8E#!9L#('/'(!
8.L#! $/! 3MO5! 2'98,'Q+8'$19! )12! %#2! 8$! ($7L),'9$19! (),,'#2! $+8! +9'1&! 8E#! 71),S1$,7! #@8#19'$1!
'%%+98,)8#2!'1!0'&+,#9!KIC!KK!VE#,#!($7L),)8'-#!)1)%.9'9!(%#),%.!9E$V9!'7L,$-#7#189!'1!8E#!/'8!VE#1!
($19'2#,'1&! %$V! :+L! 8$! KFe<! 8$!7#2'+7! :+L! 8$! XFe<! L#,(#18)&#9!$/!7'99'1&! '1/$,7)8'$1! :3$,#1$H
?#8)1(+,! )12! _E)-)1(#! JIKBb! 4$7L9#88! #8! )%S! JIKY<S! G1! 8E'9! ()9#C! 8E#9#! 3MO5! 9L#('/'(! 7$2#%9!
2#7$198,)8#2!8$!Q#!Q#88#,!8E)1!7+%8'L%#!'7L+8)8'$1!L77!)12!1$,7J!7)@'7+7!%'T#%'E$$2C!&'-#1!)%9$!



"#$%$&'()%!*+,-#.!$/!0'1%)12! "#$%$&'()%!2)8)!'7L+8)8'$1! K\RKB!!
! ! !
! P#(#7Q#,!JBC!JIJJ! !
!
!
!

!
 
 

"#$%$&')1!8+8T'7+9T#9T+9!!U!!"#$%$&'9T)!/$,9T1'1&9(#18,)%#1!!U!!"#$%$&'()%!*+,-#.!$/!0'1%)12!

!
!

8E)8! $1%.! )! 9'1&%#! -),')Q%#! '9! )//#(8#2! Q.!7'99'1&1#99C! VE'(E! 8#129! 8$! /)-$,! 98$(E)98'(! '7L+8)8'$1!
:1$,7S1$QC!71),S1$,7!'7L%#7#18)8'$19<S!O!(%$9#!#@)7'1)8'$1!$/!%$&'98'(!/+1(8'$19!,#L,#9#18)8'-#!$/!
7$2#%!/'89!($7L),#2!8$!8E#!#7L','()%!2'98,'Q+8'$1!$/!($7L%#8#!()9#9!:$,'&'1)%!2)8)!Q#/$,#!)7L+8)8'$1<!
E#%L9!/+,8E#,!V'8E!8E#!#-)%+)8'$1!$/!7$2#%!L#,/$,7)1(#!)12!'%%+98,)8#9!8E#!8#12#1(.!$/!7$98!$/!8E#!
)%&$,'8E79! 8$! %#)2! 8$! $-#,#98'7)8'$1! $/! O&! &,)2#9C! #9L#(')%%.! )8! 8E#! %$V#,! #12! $/! 8E#! (+7+%)8'-#!
2'98,'Q+8'$19C!V'8E!8E#!$1%.!#@(#L8'$1!,#L,#9#18#2!Q.!8E#!/'8!($19'2#,'1&!)!($,,#(8'$1!2+#!8$!8E#!3MO5!
8.L#!3GS!O!9'7'%),!$-#,#98'7)8'$1!'9!)%9$!$Q9#,-#2!'/!V#!)LL%.!8E#! %'98V'9#!2#%#8'$1!7#8E$2$%$&.!)9!
'%%+98,)8#2! '1! 0'&+,#! KK! V'8E! )1! $-#,#98'7)8'$1! 8E)8! '9! #-#1! 7$,#! L,$1$+1(#2! 8E)1! 7$98! $/! 8E#!
($19'2#,#2!'7L+8)8'$1!7#8E$29!:#@(#L8!71),S1$,7<!)12!V$+%2!%#)2!8$!&,)2#!#98'7)8#9!8E)8!($+%2!Q#!
$-#,$L8'7'98'(C!)12!%'T#%.!)//#(8'1&!8E#!a35O!7$2#%9S!

LCA &459D:8=I7(F7;<FN8(

G1!9+77),.!9#19'8'-'8.!)1)%.9'9!9E$+%2!Q#!,+1!$1!)!9L#('/'(!2)8)9#8!8$!#-)%+)8#!9#-#,)%!7$2#%!/'89!,)8E#,!
8E)1!'7L%#7#18'1&!'7L+8)8'$1!Q%'12%.!V'8E!)!9'1&%#!L)99!9$%+8'$1C!&'-#1!8E#!#@L#(8#2!E#8#,$&#1#'8.!$/!
&,)2#!)12!8$11)&#!2)8)S!^'8E!,#9L#(8!8$!8E#!7#8E$2$%$&.!$/!(E$'(#C!8E#!,#9+%89!$Q8)'1#2!)&,##!V'8E!
#),%'#,! ,#9#),(E! '12'()8'1&! 8E)8! #-#1! '1! 8E#9#! ,#%)8'-#%.! 9'7L%#!7'1#,)%! ,#9$+,(#!2)8)9#8C! 98$(E)98'(!
,#&,#99'$1! '7L+8)8'$1! )12! L,#2'(8'-#! 7#)1!7)8(E'1&! $//#,! %#99! Q')9#2! 9$%+8'$19! :V'8E! L77! Q#'1&!
9%'&E8%.!9+L#,'$,!Q#()+9#!$/!1),,$V#,!($1/'2#1(#!Q$+129!)12!7+(E!%$V#,!,)V!Q')9#9!'1!()9#9!V'8E!97)%%!
9)7L%'1&!,)8#!)12!V'8E!#%#-)8#2!3GC!VE'(E!'9!)88,'Q+8#2!8$!8E#!,#2+(8'$1!'1!-),')Q%#!($,,#%)8'$19C!V'8E!
%),&#,!3G!L#,(#18)&#9<S! G1! ($18,)98C! 98)12),2! %'1#),! ,#&,#99'$1!$//#,9! 8E#!V$,98! L#,/$,7)1(#9!V'8E!
1$1#!$/!8E#!,#9+%89!,#8+,1'1&!5?!-)%+#9!+12#,!8E#!Fe!8E,#9E$%2!'1!3O5!)12!3_O5!)1)%.9#9!:(/S!4)Q%#!
K<S! G/!V#! ($19'2#,!7$2#%! 9#%#(8'$1! '1! 8E#! ($18#@8!$/! 8E#!_E+&)(E!O+HO&!2)8)C! '8! '9! 9)/#! 8$! ($19'2#,!
)LL,$L,')8#!8E#!+9#!$/!8E#!71),S1$,7!)%&$,'8E79!&'-#1!8$!,#%)8'-#%.!7$2#,)8#!)7$+18!$/!3G!)12!'89!
'1/#,,#2!3MO5H8.L#S!P#9L'8#!8E'9!)LL#),'1&!8$!Q#!8E#!$L8'7)%!9#%#(8'$1C!8E#9#!,#9+%89!9E$+%2!1$8!Q#!
8,)19%)8#2!8$!$8E#,!,#9$+,(#!2)8)!$/!9'7'%),!1)8+,#!:/$,!'198)1(#!)LL%.'1&!8E#!9)7#!)%&$,'8E7!8$!)1$8E#,!
#L'8E#,7)%!O+HO&!2'98,'(8!2)8)9#8<S!G8!V'%%!)%V).9!Q#!L,+2#18!8$!($7L%#8#!)!9#,'#9!$/!9'7+%)8'$19!)12!
($7L),#!8E#!,#9+%89!)9!'1!9$7#!(',(+798)1(#9!7$,#!8E)1!$1#!)%&$,'8E7!($+%2!Q#!)!-')Q%#!9$%+8'$1!8$!
8E#! '7L+8)8'$1!L,$Q%#7!$,! )9! 2'9(+99#2! (E)1&#9! '1! 8E#! ($,,#%)8'$1! 98,+(8+,#! )12! '89! )99$(')8'$1! 8$!
7'99'1&!'1/$,7)8'$1!L)88#,19!V'%%!($12'8'$1!8E#!,#9+%89!$/!)!9L#('/'(!'7L+8)8'$1!7#8E$2$%$&.S!

G1! 8E#! 7$,#! &#1#,)%! ($18#@8! $/! #-)%+)8'1&! '/! '7L+8)8'$1! ($+%2! #//#(8'-#%.! '7L,$-#! 8E#! a35O!
7#8E$2$%$&.!#@L#,'7#18)%!V$,T!9+&&#989!8E)8!'1!9L#('/'(!()9#9!:9+(E!)9!3G!2'98,'Q+8'$19!8E)8!($1/$,7!
8$!8E#!3MO5!8.L#<!8E#!+9#!$/!'7L+8)8'$1!($+%2!L,#9#,-#!+9#/+%!'1/$,7)8'$1!'1!8E#!$,'&'1)%!2)8)!,#($,29C!
7'8'&)8#! 8E#! 2$V19'2#! #//#(89! $/! %'98V'9#! 2#%#8'$1!7#8E$2! Q.! #%'7'1)8'$1! $/! Q')9! '12+(#2! Q.! ,$V9!
,#7$-)%C!8E+9!L,$-'2'1&!7$,#!)((+,)8#!#98'7)8'$1!$/!&,)2#!)12!8$11)&#!7$2#%9S!

!

!

!

!



"#$%$&'()%!*+,-#.!$/!0'1%)12! "#$%$&'()%!2)8)!'7L+8)8'$1! KFRKB!!
! ! !
! P#(#7Q#,!JBC!JIJJ! !
!
!
!

!
 
 

"#$%$&')1!8+8T'7+9T#9T+9!!U!!"#$%$&'9T)!/$,9T1'1&9(#18,)%#1!!U!!"#$%$&'()%!*+,-#.!$/!0'1%)12!

!
!

O '&P/#Q$"0!"1"/2)(

!

4E#!)+8E$,9!),#!&,)8#/+%!8$!;)%#-'!5)9'%)'1#1!/$,!($77#189!)12!2'9(+99'$1!8E)8!E#%L#2!'7L,$-'1&!8E'9!
V$,TS!

!

R +"."+"/&")(
 
?%'99C!hS!PS!JII\S!",)2#!)12!8$11)&#!7$2#%!$/!_E+&)(EH8.L#!%$VH9+%/'2#!O+H`+),8c!-#'19S!G1!h)7#9!PS!
?%'99!:62S<C!P#-#%$L7#189!'1!3'1#,)%!P#L$9'8!3$2#%'1&[!aS*S!"#$%$&'()%!*+,-#.!?+%%#8'1!\\–\B!LS!

_E##7)C!hS!5S!JIK\S!O!5#-'#V!$/!3'99'1&!P)8)!i)12%'1&!3#8E$29!'1!62+()8'$1!5#9#),(ES!5#-'#V!$/!
62+()8'$1)%!5#9#),(EC!UO:\<C!\Y]–FIYS!E88L9[RR2$'S$,&RKISXKIJRIIX\BF\XK\FXJBA]!

2)!*'%-)C!_S!jSC!k!_$9ta, J. F. C. L. 2019. The treatment of missing ‘not at random’ geological data for 
$,#!&,)2#!7$2#%%'1&S!OLL%'#2!6),8E!*('#1(#[!4,)19)(8'$19!$/!8E#!G198'8+8#!$/!3'1'1&!)12!3#8)%%+,&.C!
4JU:K<C!KF–JBS!E88L9[RR2$'S$,&RKISKIYIRJF]JBYXYSJIKYSKF\]FIY!

612#,9C!_S!;S!JIKIS!OLL%'#2!7'99'1&!2)8)!)1)%.9'9S!M#V!Z$,TC!MZC!a*[!"+'%/$,2!=,#99S!

0#,&+9$1C!PSC!k!^'1T%#,C!^S!JIIIS!"%$99),.!$/!4#,79!$1!*8)8'98'()%!P)8)!62'8'1&S!G1!_$1/#,#1(#!$/!
6+,$L#)1!*8)8'98'(9!3#8E$2$%$&'()%!3)8#,')%C!"#1#-)[!a1'8#2!M)8'$19S!KY!LS!

"##T'.)1)&#C!*S!_S!iSC!4+1T'#%C!OSC!k!*+'C!PS!JIJIS!P,'%%'1&!2)8)!`+)%'8.!'7L,$-#7#18!)12!'1/$,7)8'$1!
#@8,)(8'$1!V'8E!()9#!98+2'#9S!h$+,1)%!$/!=#8,$%#+7!6@L%$,)8'$1!)12!=,$2+(8'$1!JIJI!KK[JC!44:J<C!YKA–
YX]S!E88L9[RR2$'S$,&RKISKII]R*KXJIJHIJIHIKIJ\Hl!

;#L#cE'19T)9C!=SC!?#,21'T$-C!MSC!;#L#cE'19T)9C!MSC!k!;$1$-)%$-)C!MS!JIJJS!O2)T'8#9C!i'&EHMQ!?)9)%89!
)12!_$LL#,–"$%2!P#L$9'89!'1!3)&7)8'(!O,(9!)12!_$%%'9'$1)%!>,$&#19[!O1!>-#,-'#VS!"#$9('#1(#9C!
4J:K<C!K–BIS!E88L9[RR2$'S$,&RKISXXAIR&#$9('#1(#9KJIKIIJA!

3)2)1'C!MSC!k!?)c),Q#T$-C!4S!JIJKS!61E)1(#2!($12'8'$1)%!_$H"'QQ9!9)7L%'1&!)%&$,'8E7!/$,!2)8)!
'7L+8)8'$1S!_$7L+8#,9!)12!"#$9('#1(#9C!4OU:OL,'%!JIJI<C!KI\BFFS!
E88L9[RR2$'S$,&RKISKIKBRfS()&#$SJIJISKI\BFF!

3$,#1$H?#8)1(+,C!3SC!k!_E)-)1(#C!3S!JIKBS!*#19'8'-'8.!)1)%.9'9!$/!'1($7L%#8#!%$1&'8+2'1)%!2)8)!
2#L),8'1&!/,$7!8E#!7'99'1&!)8!,)12$7!)99+7L8'$1[!3#8E$2$%$&.!)12!)LL%'()8'$1!'1!)!(%'1'()%!8,')%!
V'8E!2,$LH$+89S!*8)8'98'()%!3#8E$29!'1!3#2'()%!5#9#),(EC!JS:\<C!K\]K–K\YAS!
E88L9[RR2$'S$,&RKISKK]]RIABJJYIJKX\AIIK\!

3$,,'9C!4S!=SC!^E'8#C!GS!5SC!k!5$.98$1C!=S!JIK\S!4+1'1&!7+%8'L%#!'7L+8)8'$1!Q.!L,#2'(8'-#!7#)1!
7)8(E'1&!)12!%$()%!,#9'2+)%!2,)V9S!?3_!3#2'()%!5#9#),(E!3#8E$2$%$&.C!4O:K<C!K–KXS!
E88L9[RR2$'S$,&RKISKKYBRK\]KHJJYYHK\H]F!

5+Q'1C!PS!?S!KA]BS!G1/#,#1(#!)12!3'99'1&!P)8)S!?'$7#8,'T)C!TP:X<C!FYKS!
E88L9[RR2$'S$,&RKISJXI]RJXXF]XA!



"#$%$&'()%!*+,-#.!$/!0'1%)12! "#$%$&'()%!2)8)!'7L+8)8'$1! KBRKB!!
! ! !
! P#(#7Q#,!JBC!JIJJ! !
!
!
!

!
 
 

"#$%$&')1!8+8T'7+9T#9T+9!!U!!"#$%$&'9T)!/$,9T1'1&9(#18,)%#1!!U!!"#$%$&'()%!*+,-#.!$/!0'1%)12!

!
!

*(E)/#,C!hS!KAAAS!3+%8'L%#!'7L+8)8'$1[!O!L,'7#,S!*8)8'98'()%!3#8E$29!'1!3#2'()%!5#9#),(EC!U:K<C!X–KFS!
E88L9[RR2$'S$,&RKISKKAKRIABJJYIAAB]KFJFB]B!

Schafer, J. 2021. Package “norm2” Title Analysis of Incomplete!3+%8'-),')8#!P)8)!+12#,!)!M$,7)%!
3$2#%S!E88L9[RR(,)1S,HL,$f#(8S$,&RV#QRL)(T)&#9R1$,7JR'12#@SE87%S!O((#99#2!JX!M$-#7Q#,!JIJJ!

*'1&#,C!PS!OS!KAAXS!?)9'(!($1(#L89!'1!8E,##HL),8!`+)18'8)8'-#!)99#997#189!$/!+12'9($-#,#2!7'1#,)%!
,#9$+,(#9S!M$1,#1#V)Q%#!5#9$+,(#9C!:J<C!BA–YKS!

*'1&#,C!PSC!k!3#1c'#C!^S!PS!JIKIS!m+)18'8)8'-#!3'1#,)%!5#9$+,(#!O99#997#189[!O1!G18#&,)8#2!
OLL,$)(ES!M#V!Z$,T[!>@/$,2!a1'-#,9'8.!=,#99S!
E88L9[RR2$'S$,&RKISKIAXR$9$RA]YIKAFXAAFAJSIIKSIIIK!

4)T)E)9E'C!3S!JIK]S!*8)8'98'()%!'1/#,#1(#!'1!7'99'1&!2)8)!Q.!3_3_!)12!1$1H3_3_!7+%8'L%#!
'7L+8)8'$1!)%&$,'8E79[!O99#99'1&!8E#!#//#(89!$/!Q#8V##1H'7L+8)8'$1!'8#,)8'$19S!P)8)!*('#1(#!h$+,1)%C!
4TC!K–K]S!E88L9[RR2$'S$,&RKISFXX\R29fHJIK]HIX]!

4$7L9#88C!PS!3SC!N#)(.C!0SC!3$,#1$H?#8)1(+,C!3SC!i#,$1C!hSC!k!^E'8#C!GS!5S!JIKYS!>1!8E#!+9#!$/!8E#!
1$8H)8H,)12$7!/+%%.!($12'8'$1)%!9L#('/'()8'$1!:MO50_*<!L,$(#2+,#!'1!L,)(8'(#S!*8)8'98'(9!'1!3#2'('1#C!
P]:KF<C!JXXY–JXFXS!E88L9[RR2$'S$,&RKISKIIJR9'7S]B\X!

-)1!?++,#1C!*S!JIKYS!0%#@'Q%#!'7L+8)8'$1!$/!7'99'1&!2)8)!*#($12!62S!?$()!5)8$1C!0N[!_5_!=,#99C!4).%$,!
k!0,)1('9!",$+LS!

-)1!?++,#1C!*SC!k!",$$8E+'9H>+29E$$,1C!;S!JIKKS!7'(#[!3+%8'-),')8#!'7L+8)8'$1!Q.!(E)'1#2!#`+)8'$19!
'1!5S!h$+,1)%!$/!*8)8'98'()%!*$/8V),#C!OS:X<C!K–B]S!E88L9[RR2$'S$,&RKISKYBX]Rf99S-I\FS'IX!

^'%T9C!*S!KAXJS!3$7#189!)12!P'98,'Q+8'$19!$/!698'7)8#9!$/!=$L+%)8'$1!=),)7#8#,9S!O11)%9!$/!
3)8E#7)8'()%!*8)8'98'(9C!:X<C!KBX–KAFS!E88L9[RR2$'S$,&RKISKJK\R)$79RKK]]]XJYYF!

!!

!

!

!


